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(57) Abstract 

A radially expandable endoluminal stent-graft assembly (10) and a method and apparatus for making the same are described. The 
stem-graft assembly (10) includes a tubular radially expandable stent (12) circumferentially covered by a tubular graft (14) which is retained 
StCnt u° 2) by radial raoil forces of the tubular graft (12) and without the need for adhesives or sutures to retain the 

graft (14) on the stent (12). Hie assembly apparatus (44) for making the expandable stent-graft assembly (10) consists generally of a 
tapered dilation mandrel (46), a stent retaining mandrel (52), a handle (53), and couplings (60, 71) for removably and coaxially coupling the 
components of the assembly apparatus mandrel (44). The method for making the expandable stent-graft assembly (10) utilizes the assembly 
apparatus (44) to make the stent-graft assembly (10) by dilating the graft (14) on the tapered dilation mandrel (46), sliding the dilated 
graft (14) over a stem (12) retained on the stent retaining mandrel (52), permitting the dilated graft (14) to radially recoil over the stent 
(i2), cuxumferentiaily cutting unsupported areas of the graft (14) at proximal and distal ends of the stent (12) and removing the stent-graft 
assembly (10) from the assembly apparatus (44). 
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WO 97/07751 PCT/US95/10752 
COVERED ENDOLUMINAL STENT AND METHOD OF ASSEMBLY 
Background of the Invention 

T. 

The present invention relates generally to a radially expandable endoluminal covered 
A stent assembly and a method and apparatus for making the same. More particularly, the present 

5 invention relates to a longitudinally and radially expanded polytetrafluoroethylene (ePTFE) 
tubular graft which is circumferentially engaged about at least one balloon expandable 
endoluminal stent and retained on the stent by a radial recoil force exerted by the ePTFE tubular 
graft against the stent. 

The covered stent may comprise one or more stents circumferentially retained within a 
10 single graft. For example, according to a first preferred embodiment of the invention, a covered 
stent is made using a single pressure expandable stent circumferentially and longitudinally 
covered with a single ePTFE tubular graft. In accordance with a second preferred embodiment, 
the covered stmt comprises a pair of balloon expandable stents positioned at opposing ends of 
a single ePTFE tubular graft with each stent being circumferentially and longitudinally covered 
15 by the ePTFE graft, with an intermediate region of the ePTFE tubular graft being unsupported. 
According to a third preferred embodiment of the invention, a longitudinally articulating covered 
stent is made by co-axially aligning a plurality of discrete stents in a longitudinally extending 
array, such that the plurality of stents are in end-to-end relationship with one another, and the 
entire longitudinal array of stents is circumferentially and longitudinally covered with an ePTFE 
20 tubular ePTFE graft. 

The present invention is further directed to a method for making the stent-graft assembly 
and for mounting the stent-graft onto a delivery catheter. In accordance with the method of the 
present invention, the stent-graft is assembled using a dilation mandrel and a stent mandrel. The 
inventive method includes the steps of mounting the stent onto the stent mandrel, joining the 
25 stent mandrel with the dilation mandrel, positioning the graft onto the dilation mandrel and 
radially expanding the graft on the dilation mandrel to an inner diameter which is greater than 
the outer diameter of the stent, passing the radially expanded graft over the stent, trimming 
excess graft material from the proximal and distal ends of the stent, decoupling the mandrel from 
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the stent mandrel, and removing the covered stent from the stent mandrel. In accordance with 
the method of mounting the covered stent onto a delivery catheter, the method further includes 
the steps of disengaging a proximal section of the stent mandrel, engaging a delivery catheter 
with the stent mandrel such that a balloon section of the delivery catheter is proximate with the 
covered stent-graft, concentrically positioning the covered stent-graft over the balloon section 
of the delivery catheter and disengaging the delivery catheter from the stent mandrel. 

Radially pressure expandable and self expanding endoluminal stents, such as those 
disclosed by Palmaz in U.S. Patents No. 4,733,665, 4,739,762 and 5,102,417, Gianturco in 
U.S. Patents No. 4,580,568 and 4,907,336, Kreamer in U.S. Patent No. 4,740207, Wiktor in 
U.S. Patents No. 4,886,062 and 4,969,458, Pinchuck in U.S. Patent No. 5,163,958 and Schatz 
in U.S. Patent No. 5,195,984 have been clinically investigated over the past several years in an 
attempt to overcome the limitations of percutaneous transluminal coronary angi oplasty (PTC A), 
particularly restenosis due to fibrocellular intimal proliferation subsequent to PTCA. More 
recently, investigations have focused on balloon-expandable stents to anchor intraluminal grafts. 
"Transfemoral Intraluminal Graft Implantation for Abdominal Aortic Aneurysms", Ann. Vase. 
Surg. 1991, 5: 491-499; "Transluminal Placement of a Prosthetic Graft-Stent Device for 
Treatment of Subclavian Artery Aneurysm", J. Vase. Surg., December 1993, 18:1056-1059; 
and "Percutaneous Femoropopliteal graft Placement", Radiology, June 1993, 187:643-648. 

Several supported grafts are known in the art. For example, Kubo, et of., U.S. Patent 
No. 5,236,447, disclose an artificial tubular organ supported by a supporting frame made of a 
plastic material, which may be PTEE, and a medical prosthetic material disposed on at least one 
surface of the supporting frame wherein the prosthetic material is preferably comprised of 
absorbable and non-absorbable macromolecular yarns which may include PTFE. The medical 
prosthetic materia] is joined to the supporting frame by sutures. The sutures attaching the 
prosthetic material to the supporting frame limit movement of the fabric on the frame. The 
Kubo, etcd. assembly is not radially expandable and is therefore incapable of use in endoluminal 
applications which require radial expandability. 
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The Rhodes, U.S. Patent No. 5, 122,154 discloses an endovascular bypass graft 
comprising a sleeve having a plurality of expandable, ring-like stent members are equidistantly 
spaced along the longitudinal length and positioned on either the outer or inner surface of the 
sleeve. The sleeve is formed from a highly flexible material, such as expanded PTFE, and has 
a series of longitudinally extending pleats. Each stent member is connected to one or more of 

r 

the longitudinally extending pleats in the sleeve and permit unfolding of the sleeve during radial 
expansion of the ring-like stent members. 

Lee, U.S. Patent No. 5,123,917, describes a radially expandable supported graft having 
multiple graft layers. The supported graft includes a flexible cylindrical inner tube having an 
outer periphery, a plurality of separate scaffold rings mounted on the outer periphery along the 
longitudinal extent of the inner tube, and a flexible cylindrical outer tube concentrically enclosing 
the inner tube and scaffold members. The scaffold members are spaced to allow for flexibility 
of the inner and outer tubes along their longitudinal axis. 

Another endovascular graft for repairing aneurysms is described in U.S. Patent No. 
5,21 1,658 issued to Clouse. The Clouse patent discloses a percutaneously deliverable structural 
frame and an independently, percutaneously deliverable radially expandable tubular member 
subsequently placed concentrically within the structural frame. The structural frame preferably 
comprises a plurality of meshed strands joined to axially spaced end rings wherein both the 
meshed strands and rings are comprised of a shape memory metal. The tubular member, a thin 
walled flexible membrane, preferably includes a means for expanding and holding the tubular 
member against the structural frame. This means may take the form of an outwardly expansible 
spring coil disposed within the interior of the tubular member. 

Kreamer, U.S. Patent No. 5,078,726, discloses a stent-graft assembly having stents 
placed inside either one or more ends of a graft. The stents are formed from a rectangular semi- 
rigid material rolled into an open ended cylinder so that an inside longitudinal edge overlaps an 
outside longitudinal edge of the material. The stents further comprise a retaining means which 
acts to restrain the inner longitudinal edge of the graft in the graft's expanded state. In use, the 
synthetic graft is endoluminally positioned to exclude a weakened section of the vasculature. 
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A stent in its relaxed diameter state is positioned inside the end of a graft and expanded to its 
enlarged, larger diameter state. The radially expansive force of the stent impinges upon the graft 
and the inner wall of the blood vessel to prevent displacement of the stent and graft after radial 
expansion. 

5 Although a number of radially expandable stent-graft delivery systems are particularly 

suitable for endoluminal delivery and placement are generally known in the art, none of the 
foregoing radially expandable stent-graft assemblies offers a configuration which inhibits axial 
displacement of the graft relative to the stent prior to and during endoluminal delivery and radial 
expansion without the use of adhesives or sutures. Further, none of the previously known stent- 
10 graft devices reduces the profile of the stent graft combination thereby enabling the reduced 
French size of the introducer balloon catheter. 

Accordingly, there is a need for a stent-graft assembly which permits use of a reduced 
size introduction catheter to facilitate easy and safe deployment of the stent-graft assembly 
within various sizes of blood vessels and at various sites within the blood vessels. There is also 
15 a need for a stent-graft assembly which comprises a graft which is retained upon a substantially 
non-radially expanded stent by inherent radial recoil forces exerted by the graft against the stent 
during delivery and radial expansion of the stent-graft assembly. 

Summary of the Invention 

It is a principal object of the present invention, therefore, to provide an intraluminal 
20 stent-graft assembly having a radially expandable stent in a substantially non-radially expanded 
diameter circumferentially which is covered, about at least a substantial portion of its 
longitudinal axis, by a tubular graft which is retained about the stent by inherent radial recoil 
force of the graft upon the stent. 

It is a further object of the present invention to utilize a tubular graft made from a 
25 microporous longitudinally expanded polytetrafluoroethylene material and a balloon expandable 
endoluminal stent. 
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It is a farther object of the present invention to provide a method for assembling the 
inventive stent-graft which comprises radially dilating a tubular graft made of a material having 
inherent radial recoil material properties, circumferentially fitting the dilated tubular graft about 
a radially expandable endoluminal stent, and permitting the dilated tubular graft to recoil to a 
5 reduced diameter about the stent. The stent-graft assembly of the present invention is 
particularly useful in many type of conditions affecting anatomical passageways, such as the 
repair or exclusion of aneurysms, vascular occlusions either alone or in conjunction with 
percutaneous transluminal coronary angioplasty (PTCA), occlusions, obstructions or strictures 
of the biliary ducts, peripheral vasculature, ureters or the urethra. 

10 It is a further object of the present invention to provide an apparatus for assembly of the 

inventive stent-graft which comprises a stent retaining mandrel having a first diameter and a 
graft dilation mandrel having a second diameter which is greater than the first diameter of the 
stent retaining mandrel, which is removably engageable with the stent retaining mandrel. 

It is a still further object of the present invention to provide an apparatus for making the 
15 expandable stent-graft assembly which comprises interchangeable stent retaining mandrels and 
graft dilation mandrels for accommodating different radial diameters of tubular grafts and 
endoluminal stents, and for making different diameter stent-graft assemblies. 

It is yet a further object of the present invention to provide a method and apparatus for 
delivering and positioning an expandable stent-graft within a lumen in the body wherein the 
20 stent-graft is assembled and loaded from the manufacturing assembly directly onto a balloon 
catheter. 

Briefly, the expandable stent-graft assembly includes an expandable tubular graft member 
which circumferentially covers an exterior surface of at least a longitudinal section of a tubular 
♦ radially expandable stent. The tubular graft member is preferably comprised of sintered, 

25 longitudinally expanded polytetrafluoroethylene. More specifically, the radially expandable 
stent-graft assembly includes a tubular radially expandable stent having an interior or luminal 
surface and an exterior or abluminal surface and a tubular graft member having an interior or 
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luminal surface and an exterior or abluminal surface, wherein the luminal surface of the tubular 
graft member contacts the abluminal surface of the radially expandable stent and the tubular 
graft member is retained about the radially expandable stent, in its substantially unexpanded 
diameter, by inherent radial recoil forces exerted by the tubular graft member graft upon the 
radially expandable stent. 

The method for making the expandable stent-graft assembly includes the steps of radially 
dilating the tubular graft member, concentrically placing the dilated tubular graft member about 
at least a longitudinal section of a radially expandable stent in its substantially radially 
unexpanded diameter, removing the dilation force thereby permitting the dilated tubular graft 
member to diametrically recoil, and permitting the radial recoil properties of the tubular graft 
member to impinge upon the abluminal surface of the radially expandable stent, thereby 
concentrically fitting the tubular graft member about the radially expandable stent. 

The present invention is also directed toward an apparatus for assembling the inventive 
radially expandable stent-graft assembly. The apparatus generally includes a) a tapered dilation 
mandrel comprising a first end having a first diameter and a second end having a second, larger 
diameter for radially expanding a vascular graft to a larger diameter by sliding the vascular graft 
from the first end to the second end of the tapered mandrel; b) a stent retaining mandrel having 
a diameter less than the second, larger diameter of the tapered dilation mandrel; and c) means 
for releasably connecting the second end of the tapered mandrel to the stent retaining mandrel 
to permit removal of the resultant stent-graft assembly. 

The objects and advantages of the invention will appear more fully from the following 
more detailed description of the preferred embodiments of the invention made in conjunction 
with the accompanying drawings. 

Brief Description of the Drawings 

Figure 1 is a perspective view of the stent cover embodiment of the expandable 
endovascular stent-graft assembly of the present invention. 
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Figure 2 is a cross-sectional view taken along line 2-2 of Figure 1. 

Figure 3 is a perspective view of the stent-graft embodiment of the expandable 
endovascular stent-graft assembly of the present invention with the underlying stents located at 
the ends of the stent-graft shown partially in phantom. 

5 Figure 4 is a side elevational view of the inventive assembly apparatus for making the 

expandable endoluminal stent-graft assembly of the present invention showing placement of the 
unexpanded stent prior to assembling the stent-graft assembly apparatus. 

Figure 5 is a side elevational view, partially shown in longitudinal section, of the 
assembly apparatus for making the expandable endoluminal stent-graft assembly of the present 
10 invention immediately prior to placing the graft onto the mandrel portion of the assembly 
apparatus. 

Figure 6 is a side elevational view, partially shown in longitudinal section, of the 
assembly apparatus for making the expandable endoluminal stent-graft assembly of the present 
invention showing the stretching of the graft over the dilation mandrel of the assembly 
15 apparatus. 

Figure 7 is a side elevational view, partially shown in longitudinal section, of the 
assembly apparatus for making the expandable endoluminal stent-graft assembly of the present 
invention showing sliding of the graft over the larger end of the dilation mandrel and over the 
unexpanded stent beyond the end of the stent mandrel. 

20 Figure 8 is a side elevational view, partially shown in longitudinal section, of the 

assembly apparatus for making the expandable endoluminal stent-graft assembly of the present 
invention showing circumferential cutting of the graft near the ends of the unexpanded stent. 

Figure 9 is a side elevational view, partially shown in longitudinal section, of the 
assembly apparatus for making the expandable endoluminal stent-graft assembly of the present 
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invention showing disassembly of the assembly apparatus by separating the stent mandrel 
containing the completed stent-graft assembly from the stmt mandrel and the handle member. 

Fig. 10 is a side elevational view of the assembly apparatus for making the expandable 
endoluminal stent-graft assembly and mounting the stent-graft assembly onto a delivery catheter 
5 of the present invention showing placement of the unexpanded stent prior to assembling the 
assembly apparatus. 

Fig. 1 1 is a side elevational view, partially shown in longitudinal section, of the assembly 
apparatus for making the expandable endoluminal stent-graft assembly and mounting it onto a 
delivery catheter of the present invention immediately prior to placing the graft onto the mandrel 
10 portion of the assembled assembly apparatus. 

Fig. 12 is a side elevational view, partially shown in longitudinal section, of the assembly 
apparatus for making the expandable endoluminal stent-graft assembly and mounting it onto a 
delivery catheter showing the stretching of the graft over the dilation mandrel of the assembled 
assembly apparatus. 

IS Fig. 13 is a side elevational view, partially shown in longitudinal section, of the assembly 

apparatus for making the expandable endoluminal stent-graft assembly and mounting it onto a 
delivery catheter, showing sliding of the graft over the larger end of the mandrel, over the 
unexpanded stent, and beyond the end of the stent mandrel. 

Fig. 14 is a side elevational view, partially shown in longitudinal section, of the assembly 
20 apparatus for making the expandable endoluminal stent-graft assembly and mounting it onto a 
delivery catheter showing the circumferential cutting of the graft near the ends of the 
unexpanded stent. 

Fig. 15 is a side elevational view, partially shown in longitudinal section, of the assembly 
apparatus for making the expandable endoluminal stent-graft assembly and mounting it onto a 
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delivery catheter showing removal of the handle member bar from the stent mandrel and the 
positioning the balloon catheter relative to the stent mandrel. 

Fig. 16 is a side elevational view, partially shown in longitudinal section, of the assembly 
apparatus for making the expandable endoluminal stent-graft assembly and mounting it onto a 
5 delivery catheter of the present invention showing the insertion of the balloon catheter into the 
lumen of the stent mandrel. 

Fig. 17 is a side elevational view, partially shown in longitudinal section, of the assembly 
apparatus for making the expandable endoluminal stent-graft assembly and mounting it onto a 
delivery catheter of the present invention showing removal of the expandable endoluminal stent- 
10 graft assembly mounted onto a delivery catheter from the stent mandrel after positioning the 
stent-graft cover over the center of the balloon on the balloon catheter. 

Detailed Description of the Preferred Embodiments 

Turning now to the accompanying Figures, the inventive radially expandable endoluminal 
stent-graft assembly 10 is illustrated generally in Figure 1. Stent-graft assembly 10 generally 

IS consists of a radially expandable stent member 12, in a substantially radially unexpanded 
diameter, circumferentially covered by a radially expandable tubular graft member 14, which is 
preferably comprised of longitudinally expanded microporous polytetrafluoroethylene (ePTFE). 
It will be understood by those skilled in the art that ePTFE materials have a characteristic 
microstructure consisting of nodes and fibrils, with the fibril orientation being substantially 

20 parallel to the axis of longitudinal expansion. Expanded polytetrafluoroethylene materials are 
made by ram extruding a compressed billet of particulate polytetrafluoroethylene and extrusion 
lubricant through an extrusion die to form sheet or tubular extrudates. The extrudate is then 
longitudinally expanded to form the node-fibril microstructure and heated to a temperature at 
or above the crystalline melt point of polytetrafluoroethylene, i.e., 327 °C for a period of time 

25 sufficient to sinter the ePTFE material The tubular graft member 14 of the present invention 
is preferably made by ram extruding a PTFE-lubricant billet around a mandrel and through an 
extrusion die to form a tubular extrudate. The tubular extrudate is longitudinally expanded and 
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sintered, then cut to a desired length as required to drcumferentially cover a longitudinal section 
of the stent member 12. 

The tubular graft member 14 comprises an interior or luminal wall surface 16 and an 
exterior or abluminal wall surface 18. The stent member 12 is also tubular and comprises an 
5 interior or luminal surface 20 and an exterior or abluminal surface 22, as illustrated in Figure 2. 
When drcumferentially disposed about the stent member, the luminal surface 16 of the graft 
member 14 resides adjacent the abluminal surface 22 of the radially unexpanded stent member 
12 to form the expandable stent-graft assembly 10 and retained thereupon by inherent radial 
recoil properties of the ePTFE tubular graft member 14 acting against the abluminal surface 22 

10 of the stent member which imparts an interference fit between the stent member 12 and the graft 
member 14. It has been found that all tubular ePTFE graft members exhibit between about 10- 
30% recoil from the radially expanded diameter, with the median recoil falling between 15-25% 
of the radially expanded diameter. The radial recoil property of the radially expanded tubular 
ePTFE material, appears to be a constant property and not dependent upon degree of radial 

15 expansion. Moreover, the radial recoil property does not seem affected by other material 
properties of an ePTFE graft, such as internodal distance, wall thickness, degree of longitudinal 
expansion, etc. 

Once assembled, the radially expandable stent-graft assembly 10 may be placed on a 
balloon catheter, such as a conventional angioplasty balloon catheter, delivered through an 
20 anatomical passageway to a desired delivery site, and placed endoluminally by pressure dilating 
the balloon thereby radially expanding the stent-graft assembly to a desired diameter based upon 
preselected expanded diameters of the stent member 12 and the graft member 14. 

Radial dilation of the tubular graft member 14, from a pre-expanded diameter which is 
less than the unexpanded outer diameter of the stent member 12, to a radially expanded inner 
25 diameter which is greater than the outer diameter of the stent member 12, imparts a recoil force 
to the tubular graft member 14. The radial recoil of the radially dilated tubular graft member 14 
reduces the inner diameter of the tubular graft member 14 such that the luminal surface 16 of 
the tubular graft member 14 impinges upon and resides adjacent the abluminal wall surface 22 
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of the stent member 12, as shown in Figure 2. In this manner the inventive stent-graft assembly 
10 affords a more streamlined endoluminal prosthesis than the currently known implants which 
require suture attachments between a radially unexpanded stent member and a larger diameter 
endoluminal graft. Further, because the inventive stent-graft assembly 10 has a reduced profile, 
the French size of the introducer set for introducing the inventive stent-graft assembly 10, may 
be correspondingly reduced, further facilitating percutaneous delivery of the expandable stent- 
graft assembly 10. 

Once the stent-graft assembly 10 is delivered endoluminally to a desired position in an 
anatomical passageway, the inventive stent-graft assembly 10 is radially expanded by application 
of a radially expansive pressure, such as that provided by an angioplasty balloon, against the 
luminal wall surface 20 of the stent member 14. Both the stent member 12 and the graft member 
14 radially expand to an expanded diameter as desired. During radial expansion, the tubular 
stent member 12 and the tubular graft member 14 are radially deformed under the influence of 
a positive pressure exerted against the luminal wall surface 20 of the tubular stent member. The 
material of the tubular graft member 14 is stretched or expanded with the result that the wall 
thickness of the radially unexpanded graft member 14 is typically thicker than that of the radially 
expanded graft member 14 due to radial stretching of the graft member 14. Where the tubular 
graft member 14 is made of sintered ePTFE, it will be understood, by those in the art, that radial 
expansion of the ePTFE tubular graft member 14 deforms the node-fibril microstructure of the 
ePTFE material. Where the ePTFE tubular graft member 14 employed has an axis of 
longitudinal expansion parallel to the axis of radial expansion of the tubular graft member 14, 
radial expansion of the stent-graft assembly 10 will result in elongation of the fibrils. Where, 
however, the ePTFE tubular graft member employed has an axis of longitudinal expansion which 
is perpendicular to the axis of radial expansion of the tubular graft member 14, radial expansion 
of the stent-graft assembly 10 results in elongation of the nodes. 

The radial recoil force of the tubular graft member 14 against the abluminal wall surface 
22 of the stent member aids in preventing axial migration of the graft member 14 on the stent 
member 12 during radial expansion of the stent-graft assembly 10. 
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Figure 3 illustrates second and third embodiments of the inventive radially expandable 
stent-graft assembly 30, which each comprise at least two stent members 38 and 40, a single 
graft member 32, wherein each of the stent members 38, 40 are positioned at opposing ends 34, 
36 of the graft member 32 and retained therein by the radial recoil force of the graft member 32 
5 impinging upon abluminal wall surfaces of the at least two stent members 38, 40. These 
embodiments of the inventive stent-graft assembly 30 are particularly well adapted for exclusion 
of abdominal aortic aneurysms or other trauma to an anatomical passageway, such as by a 
gunshot, because it has an intermediate longitudinal section of the graft member 32 which is 
unsupported by any longitudinal section of stent members 38, 40. Where two or more stent 
10 members 38, 40 are used, the intermediate unsupported sections of graft member 32 permit 
articulation of the stents 38, 40 relative to one another, with the unsupported sections of graft 
member 32 acting as articulation joints. 

Figures 4- 1 7 generally illustrate an assembly apparatus 44 and the method of making the 
inventive stent-graft assembly 10, as depicted in Figure 1 . Figure 4 is a partially exploded view 

15 of the assembly apparatus 44 used for making the inventive stent-graft assembly. The inventive 
assembly apparatus 44 comprises generally a tapered dilation mandrel 46 having a first end 48 
and a second end 50 wherein the diameter of the second end 50 is greater than the diameter of 
the first end 48, a stent retaining mandrel 52 which is removably engageable with the second end 
50 of the tapered dilation mandrel to retains and supports the stent member 12 in a given 

20 position on the stent retaining mandrel, and a handle member 53 which is removably coupled to 
the stent retaining mandrel 52 at one end thereof The stent retaining mandrel 52 has a generally 
tubular shape and a circular transverse sectional shape. The stent retaining mandrel should have 
an outside diameter which is less than the inner diameter of the stent member 12 to facilitate 
loading the stent member onto the stent retaining mandrel, and the combined outside diameter 

25 of the stent retaining mandrel 52 and the outside diameter of the stent member 12 is less than 
the outside diameter of the second end 50 of the tapered dilation mandrel 56. 

Figures 5-7 represent sequential views of the graft member 12 being loaded onto the 
tapered dilation mandrel 52 and being concentrically engaged about the stent member 12. It can 
be appreciated that by configuring the outside diameter of the second end 50 of the tapered 
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dilation mandrel to be greater than the outside diameter of the stent member 12 mounted onto 
the stent retaining mandrel 52, the graft member 14 is radially dilated as it is pulled over the 
tapered dilation mandrel 46 or as the assembly apparatus 44 is pushed 72 into the lumen of graft 
member 14. a section of the graft member 14 passes over the stent member 12 mounted on the 
5 stent retaining mandrel 52 and is concentrically positioned about the stent member 12. As the 
graft member 14 is passed over the stent member 12, it encounters no resistance to radial recoil 
and radially recoils until the luminal surfece of the graft member 14 impinges upon the abluminal 
wall surface of the stent member 12, at which point the graft member 14 continues to exert a 
positive radial recoil force against the stent member 12, which is resisted radially 
10 incompressibility of the stent member 12. 

As noted above, the tapered dilation mandrel 46, the stent retaining mandrel 52 and the 
handle member 53 each have means for removably interconnecting the tapered dilation mandrel 
46, the stent retaining mandrel 52 and the handle member 53 to one another along a common 
longitudinal axis. As illustrated in Figures 4-9, the second end 50 of tapered dilation mandrel 

15 52 includes an axially positioned female coupling 58 which receives a mating male coupling 60 
on a first end of the stent retaining mandrel 52. While the Figures depict threaded female 
coupling 58 and male coupling 60, it will be understood by those in the art that the couplings 
are interchangeable and may be any of a wide variety of suitable couplings, For example, the 
coupling associated with the tapered dilation mandrel 46 may be a male coupling 60, with a 

20 mating female coupling 58 being associated with the stent retaining mandrel 52, or the couplings 
may be threaded, or non-threaded, such as being an interference fit coupling. The stent retaining 
mandrel 52 is also removably coupled to the handle member 53 by a male coupling 56 projecting 
from a second end 62 of the stent retaining mandrel 52. The male coupling 56 removably 
engages with a female coupling 69 associated with the handle member 53. Again, while the 

25 Figures depict a non-threaded coupling between the stent retaining mandrel 52 and the handle 
member 53, those in the art will understand that the couplings are interchangeable and may be 
any of a wide variety of suitable couplings, For example, the coupling associated with the stent 
retaining mandrel 52 may be a female coupling 69, with a mating male coupling 56 being 
associated with the handle member 53, and the couplings may be threaded, or non-threaded, 

30 such as being an interference fit or friction fit coupling. 
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In accordance with the preferred embodiment of the assembly apparatus 44, the stent 
retaining mandrel 52 has a generally cylindrical body portion 54 which terminates in shoulder 
sections 62 at opposing ends of the cylindrical body portion 54 adjacent couplings 50 and 66. 
When the assembly apparatus 44 is in its fully coupled state, shoulders 62 serve as proximal and 
5 distal demarcations for proximal and distal annular detents 67 between the second end 50 of the 
tapered dilation mandrel 44 and one end of stent member 12 and between the handle member 
53 and a second end of stmt member 12. The length of the cylindrical body portion 54 between 
shoulder sections 62 preferably corresponds to the length of stent member 14. As used in 
conjunction with the assembly apparatus 44, w distaF refers to a direction corresponding to the 
10 relative position of the tapered dilation mandrel 46, while "proximal" refers to a direction 
corresponding to the relative position of the handle member 53. 

Figures 4-9 also illustrate the method for making the inventive stent-graft 10 assembly 
using the assembly apparatus 44. Tapered dilation mandrel 46 is coupled to the stent retaining 

15 mandrel 52 by engaging coupling 60 in second end 50 of the tapered dilation mandrel 46 with 
coupling 60 of the stent retaining mandrel 52. A stent member 12, in its substantially radially 
unexpanded diameter, is engaged about the stent retaining mandrel 52 by concentrically 
positioning the stent member 12 about the stent retaining mandrel 52. The handle member 53 
is then coupled to the stent retaining mandrel 52 by engaging coupling 56 of the stent retaining 

20 mandrel 52 with coupling 69 of the handle member 53 . As shown in Figure 5, the stent member 
12 is positioned circumferentially about the stent retaining mandrel 52, and the stent retaining 
mandrel is positioned intermediate between the tapered dilation mandrel 46 and the handle 
member 53. 

Figure 6 illustrates the step of engaging the graft member 14 onto the tapered dilation 
25 mandrel 44 by applying an axial force 72 to the assembly apparatus 44 which causes the tapered 
dilation mandrel to pass into and through the lumen of graft member 14. The assembly 
apparatus 44 is passed into and through the lumen of graft member until the first end of the graft 
member 14 is in close proximity to a terminal portion 54 of handle member 53. As the graft 
member 14 passes over the second end 50 of the tapered dilation mandrel 44, the graft member 
30 14 radially expanded so that the inner diameter of graft member 14 is radially expanded to the 
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outer diameter of the second end 50 of the tapered dilation mandrel 44. At the point of the 
distal annular detent 67, the inner diameter of the graft member 14 is greater than the outside 
diameter of the stent member 12. As the graft member 14 moved axially over the stent member 
12 and to a position adjacent the handle member 53, the graft member 14 undergoes radial recoil 
5 so that the inner diameter of the graft member 1 4 reduces until it meets with resistance to further 
recoil. As illustrated in Figure 7, the graft member 12 has radially recoiled onto the stent 
member 12, and has also recoiled into annular detents 67 at the proximal and distal ends of the 
stent member 12. 

Engagement of the graft member 14 over the tapered dilation mandrel 46 is facilitated 
10 by forming tabs on the first end of the graft member by cutting longitudinal slits (not shown) 
along diametrically opposed sides of the graft member. The tabs can then be used to retain the 
graft member 14 while an axial force 72 is applied to the assembly apparatus, or the tabs may 
be used to manually pull the graft member 14 over the tapered dilation mandrel 46, the stent 
member 14 and to the handle member 53. To prevent formation of seams or wrinkles, is 
15 important to avoid applying torsional forces to the graft member by twisting the graft during 
engagement of the graft member onto the assembly apparatus 44. 

Figures 8 and 9 illustrate the steps for removing the stent-graft assembly from the 
assembly apparatus 44. Cutting blades 74 are used make circumferential cuts in the graft 
member 14 at the position of the annular detents 67, which is slightly, i.e. about 1-2 mm, longer 
20 than the longitudinal length of the stent member 12. The remaining section of material of the 
graft member 14 which projects beyond the opposing ends of stent member 12 allows for the 
axial foreshortening of the graft 14 in relation to the stent 12 during endoluminal radial 
expansion of the stent-graft assembly 10. 

After making the circumferential cuts at the position of the annular detents 67, the stent- 
25 graft assembly 10 is separated from the remainder of the graft member 14. The stent retaining 
mandrel 52 may be decoupled from the tapered dilation mandrel 46 and the handle member 53 
by disengaging the stent retaining mandrel coupling 60 from the tapered dilation mandrel 
coupling 71 and disengaging the stent retaining coupling 66 from handle member coupling 69. 
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The stent-graft assembly 10 is then removed from the stent retaining mandrel 52 by axially 
displacing the stent-graft assembly 10 relative to the stent retaining mandrel 52. a waste portion 
of the graft member 14 resident on the handle member 53 may be discarded. The assembly 
apparatus 44 is then in condition to reload another unexpanded stent member 12 onto the stent 
5 retaining mandrel to reinitiate the inventive method by repeating the above-described steps and 
produce additional stent-graft assemblies 10. 

It will be apparent to those dolled in the art that a multitude of sizes, both in length and 
in outer diameter, of the stent member 12, the graft member 14 and the assembly apparatus 44 
may be employed to make a stent-graft assembly 10 having pre-determined dimensions. 

10 Example 

A 2.8 mm internal diameter (ID) ePTFE tubular graft was radially stretched over a 
tapered dilation mandrel having a 3.7 mm ©eternal diameter at its largest end. The ePTFE graft 
was then immediately passed over a 3.4 mm unexpanded stent circumferentially mounted on a 
stent retaining mandrel which was removably coupled to the tapered dilation mandrel. After 

1 5 being passed over the unexpanded stent, the ePTFE graft exhibited immediate recoil against the 
outer surface of the stent and assumed a 3 .4 mm ID. The graft appeared to be fit tightly about 
the stent and was resistant to manual displacement along the longitudinal axis of the stent. 
Subsequent radial expansion of the resultant stent-graft assembly was accomplished by loading 
the stent-graft assembly onto an angioplasty balloon catheter, applying a positive fluid pressure 

20 to the angioplasty balloon to radially expand the stent-graft assembly to 10 mm OD. At its 
expanded diameter, the graft remained tightly fit about the circumference of the stent and 
exhibited resistance to axial displacement upon manual manipulation. 

Figures 10-17 depict the inventive method and assembly apparatus 75 for making and 
mounting the expandable endoluminal stent-graft assembly onto a delivery catheter. More 
25 specifically, Figures 10-14 are replicates of Figures 4-8 with the exception that the stent 
retaining mandrel 52 includes a central closed-end longitudinal bore 76, in Fig. 15, which opens 
toward the proximal end of the assembly apparatus 75 adjacent the handle member 53. 
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The procedure for making the stent-graft assembly 10 follows the same steps in Figures 
10-14 described above with reference to Figures 4-8. However, as illustrated in Figure 1 5, after 
the circumferential cuts in the graft member 14 are made at the position of the annular detents 
67, the handle member 53 is disengaged from the stent retaining mandrel 52. a distal tip of a 
5 balloon catheter, having an inflatable balloon 80, is then passed into the longitudinal bore 76 
such that the balloon 80 is positioned in proximity to the stent-graft assembly 10 as illustrated 
in Figure 16. The stent-graft assembly 10 is then displaced from the stent retaining mandrel 52 
and concentrically positioned about the inflatable balloon 80 of the balloon catheter 78. Finally, 
as shown in Figure 17, the balloon catheter 78 is removed from the longitudinal bore 76 in the 
10 stent retaining mandrel 52, thereby providing an pre-mounted stent-graft delivery system. 

The resulting radially expandable endoluminal stent-graft assembly has an added 
advantage of lowering the expansion pressure required to radially expand the stent-graft 
assembly due to the pre-expansion of the ePTFE graft during the inventive process. 

In accordance with the preferred embodiments of the present invention, it is preferred 
15 that a PALMAZ stent (Johnson & Johnson Interventional Systems, Inc., Warren, N.J.), as 
described by Palmaz in U.S. Patent No. 4,733,665, or balloon expandable PALMAZ-type stents 
be used. However, other different types of pressure expandable stents known in the art may be 
used, with the only limitation being that the exhibit sufficient radial strength to resist the radial 
recoil of a radially expanded ePTFE tubular graft. It is also preferable that the assembly 
20 apparatus 44 be made of a material which is resistant to burr formation, such as stainless steel, 
and which provides smooth surfaces which do not damage the graft member while it is being 
manipulated on the assembly apparatus. The inventive process may be carried out at room 
temperature, or may be carried out at elevated temperatures which are below the crystalline melt 
point of FIFE. In this manner, there is provided a covered stent in which the cover is retained 
25 by an interference fit between the cover and the stent and no adhesives or sutures are required 
to positionally affix the cover onto the stent. 

While preferred embodiments of the invention have been shown and described, it will be 
apparent to those skilled in the art that various modifications may be made in these embodiments 
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without departing from the spirit of the present invention. Therefore, all suitable modifications 
and equivalents fall within the scope of the invention. 



-18- 



SUBSTITUTE SHEET (RULE 26) 



WO 97/07751 



PCT/US95/10752 



We Claim ; 

1. A radially expandable stent-graft assembly, comprising a tubular radially 
expandable stent and an tubular graft member, wherein said graft member is circumferentially 
disposed about at least a portion of the longitudinal length and retained thereupon by inherent 
recoil pressure exerted by the tubular graft member about the tubular radially expandable stent 
and the graft member is radially expandable with the stent. 

2. The expandable stent-graft assembly of Claim 1, wherein said expandable tubular 
graft member further comprises an expanded polytetrafluoroethylene material. 

3. The expandable stent-graft assembly of Claim 1, wherein said expandable tubular 
graft circumferentially covers an entire longitudinal section of the tubular radially expandable 
stent. 

4. The expandable stent-graft assembly of Claim 1, wherein said tubular radially 
expandable stent and said expandable vascular graft are substantially equal in length. 

5. A radially expandable stent cover, comprising: 

a tubular radially expandable stent having luminal and abluminal wall surfaces; 

and 

a tubular expanded graft member having luminal and abluminal wall surfaces, 
wherein the luminal wall surface of the graft member circumferentially covers at least a 
substantial longitudinal aspect of the tubular radially expandable stent and the graft member is 
retained about the stent by an interference fit between the luminal wall surface of the graft 
member and the abluminal wall surface of the stent. 

6. The expandable stent cover of Claim 5, wherein said graft member further 
comprises an expanded polytetrafluoroethylene material. 
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7. The expandable stent cover of Claim 5, wherein said graft member 
circumferentially at least substantially covers the abluminal wall surface of the stent. 

8. The expandable stent cover of Claim 5, wherein said tubular shaped expandable 
stent and said expandable vascular graft are equal in length upon final radial expansion of the 

5 stent cover. 

9. An expandable endovascular stent-graft, comprising: 

a plurality of radially expandable endovascular stents, each having ah interior and 
an exterior surface; and 

a radially expandable endovascular graft having a first end, a second end, an 
10 interior surface and an exterior surface wherein the interior surface of the vascular graft is 
friction fit about at least a portion of the exterior surface of each of said expandable stents prior 
to any expansion of the expandable stent-graft. 

10. The expandable endovascular stent-graft of Claim 9, wherein the plurality of 
endovascular stent members further comprises first and second stents which are positioned and 

15 retained within the first and second ends of the radially expandable endovascular graft, 
respectively. 

1 1 . The expandable endovascular stent-graft of Claim 1 0, further comprising at least 
three endovascular stent members, wherein a third stent member is entirely covered by and 
retained within the radially expandable endovascular graft and positioned intermediate between 

20 the first and second stents along the longitudinal axis of the radially expandable endovascular 
graft.. 

12. The expandable endovascular stent-graft of Claim 9, wherein said radially 
expandable endovascular graft is comprised of expanded polytetrafluoroethylene. 
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13. The expandable endovascular stent-graft of Claim 9, wherein the expandable 
vascular graft covers at least a substantial longitudinal extent of each of said plurality of radially 
expandable endovascular stents. 

14. A method for a radially expandable stent-graft assembly, comprising the steps 

5 of: 

a) radially dilating a graft member, the graft member having a lumen, an 
inner diameter and an outer diameter, 

b) concentrically engaging the graft member over a radially expandable stent 
member, the stent member having a first end, a second end, an inner diameter and an outer 

10 diameter; the outer diameter of the stent being greater than the inner diameter of the graft 
member; and 

c) permitting the radially dilated graft member to radially recoil and 
circumferentially cover at least a substantial longitudinal section of the outer diameter of the 
radially expandable stent member. 

15 15. The method of Claim 14, further comprising the step of placing the radially 

expandable stent on a stent mandrel and connecting said stent mandrel to a dilation mandrel 
prior to the step of concentrically engaging the graft member over the stent member. 

16. The method of Claim 15, wherein the steps of radially dilating the graft member 
and concentrically engaging the graft member over the stent member further comprise the steps 
20 of: 

a) forming tab members on a first end of the graft member; and 

b) pulling the tab members over the dilation mandrel and the stent member 
without torsionally twisting the graft member. 
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17. The method of Claim IS, wherein the step of concentrically engaging the graft 
over the radially expandable stent member further comprises the step of applying an axial force 
to the stent mandrel to push the dilation mandrel and the stent mandrel into and through the 
lumen of the graft member. 

5 18. The method of Claim 14, further comprising the step of removing the radially 

expandable stent-graft assembly from the stent mandrel. 

19. The method of Claim 1 8, wherein the step of removing the radially expandable 
stent-graft assembly from the stent mandrel further comprises circumferentially cutting the graft 
member proximate to the first and second ends of the stent member. 

10 20. An apparatus for making a radially expandable stent-graft assembly, comprising: 

a) a tapered dilation mandrel comprising a first end having a first 
diameter and a second end having a second, larger diameter; 

b) a stent mandrel for supporting and retaining a radially expandable 
stent member in a predetermined position; and 

15 c) means for releasably connecting the second end of the tapered 

dilation mandrel to the stent mandrel, whereby a graft member may be radially dilated on the 
tapered dilation mandrel and concentrically engaged upon the stent member residing on the stent 
mandrel. 

21. The apparatus according to Claim 20, further comprising a handle member 
20 releasably connected to an end of the stent mandrel opposite the tapered dilation mandrel. 

22. The apparatus according to Claim 20, wherein the stent mandrel further 
comprises a closed-end axial bore passing into the stent mandrel and open to an end of the stent 
mandrel opposite the tapered dilation mandrel. 
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23. The apparatus according to Claim 22, further comprising a balloon catheter 
insertable within the closed-end axial bore, thereby permitting axial displacement of a stent-graft 
from the stent mandrel directly onto a balloon portion of the balloon catheter. 

24. The apparatus according to Claim 20, wherein the stent mandrel, when combined 
with a radially expandable stent member concentrically disposed thereupon, have a combined 
outer diameter less than the outer diameter of the second end of the tapered dilation mandrel. 

25. The apparatus according to Claim 20, further comprising annular detents at 
opposing ends of the stent mandrel 
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